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Abstract
Piezoelectric (PZT) shunt damping is an effective method to dissipate energy from a vibrating structure; however, most of the
applications focus on targeting specific modes for structures vibrating at low-frequency range, i.e. deterministic substructure
(DS). To optimally attenuate structures vibrating at high-frequency range, i.e. non-deterministic substructure (Non-DS) using
a PZT shunt damper, it is found that the impedance of the PZT patch’s terminal needs to be the complex conjugate of its
inherent capacitance paralleled with the impedance ‘faced’ by its non-deterministic host structure underline moment
actuation. The latter was derived in terms of estimation of the effective line moment mobility of a PZT patch on a Non-DS
plate by integrating the expression of driving point moment mobility of an infinite thin plate. This paper conducts a parametric
investigation to study the effect of changing the size, quantity and configuration of the PZT patch to the performance of the
optimal PZT shunt dampers in dissipating the energy of its non-deterministic host structure. Results are shown in terms of




Ministry of Higher Education, MalaysiaMOHE
IRCC-2020-017
This publication was supported by the Fundamental Research Grant Scheme No. FRGS15-165-0406 from Ministry of Higher
Education Malaysia, and Qatar University-International Research Collaboration Grant No. IRCC-2020-017. The findings
achieved herein are solely the responsibility of the authors.
References
Fahy, F.J.
Statistical energy analysis: A critical overview
(1994) Philos. Trans. R. Soc. Lond. Ser. A Phys. Eng. Sci., 346, pp. 431-447. 
Fahy, F.J., Gardonio, P.
(2007) Sound and Structural Vibration: Radiation, Transmission and Response, 
Academic Press, Cambridge
Langley, R.S., Bercin, A.N.
Wave intensity analysis of high-frequency vibrations
(1994) Philos. Trans. R. Soc. Lond. Ser. A Phys. Eng. Sci., 346, pp. 489-499. 
Manohar, C., Keane, A.
Statistics of energy flows in spring-coupled one-dimensional subsystems
(1994) Philos. Trans. R. Soc. Lond. Ser. A Phys. Eng. Sci., 346, pp. 525-542. 
Scopus - Print Document https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&sr...
1 of 4 6/21/2021, 9:07 PM
Langley, R.S.
Mid and high-frequency vibration analysis of structures with uncertain properties
(2004) 11Th International Congress on Sound and Vibration, 
St. Petersburg, Russia
Muthalif, A.G., Langley, R.S.
Active control of high-frequency vibration: Optimization using the hybrid modelling
method
(2012) J. Sound Vib., 331, pp. 2969-2983. 
Wahid, A.N., Muthalif, A.G.A.
Estimation and measurement of effective line mobility on a non-deterministic thin
plate excited by a piezoelectric patch
(2020) J. Vibroeng., 22 (1), pp. 98-110. 
Langley, R., Bremner, P.
A hybrid method for the vibration analysis of complex structural-acoustic systems
(1999) J. Acoust. Soc. Am., 105, p. 1657. 
Moheimani, S.R., Fleming, A.J.
(2006) Piezoelectric Transducers for Vibration Control and Damping, 
Springer, Berlin
Vatavu, M., Nastasescu, V., Turcu, F., Burda, I.
Voltage-controlled synthetic inductors for resonant piezoelectric shunt damping: A
comparative analysis
(2019) Appl. Sci., 9, p. 4777. 
Huang, T.L., Ichchou, M.N., Bareille, O.A., Collet, M., Ouisse, M.
Traveling wave control in thin-walled structures through shunted piezoelectric
patches
(2013) Mech. Syst. Signal Process., 39, pp. 59-79. 
Fan, Y., Collet, M., Ichchou, M., Li, L., Bareille, O., Dimitrijevic, Z.
Energy flow prediction in built-up structures through a hybrid finite element/wave
and finite element approach
(2016) Mech. Syst. Signal Process., 66-67, pp. 137-158. 
Neubauer, M., Wallaschek, J.
Vibration damping with shunted piezoceramics: Fundamentals and technical
applications
(2013) Mech. Syst. Signal Process., 36, pp. 36-52. 
Pohl, M.
An adaptive negative capacitance circuit for enhanced performance and robustness
of piezoelectric shunt damping
(2017) J. Intell. Mater. Syst. Struct., 28, pp. 2633-2650. 
Cicirello, A., Langley, R.S.
Efficient parametric uncertainty analysis within the hybrid finite element/statistical
energy analysis method
(2014) J. Sound Vib., 333, pp. 1698-1717. 
Scopus - Print Document https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&sr...
2 of 4 6/21/2021, 9:07 PM
Benassi, L., Elliott, S.
The equivalent impedance of power-minimizing vibration controllers on plates
(2005) J. Sound Vib., 283, pp. 47-67. 
Ungar, E.E., Dietrich, C.
High-frequency vibration isolation
(1966) J. Sound Vib., 4, pp. 224-241. 
Leo, D.J.
(2007) Engineering Analysis of Smart Material Systems, 
Wiley, Hoboken
Hagood, N.W., von Flotow, A.
Damping of structural vibrations with piezoelectric materials and passive electrical
networks
(1991) J. Sound Vib., 146, pp. 243-268. 
Norwood, C., Williamson, H., Zhao, J.
Surface mobility of a circular contact area on an infinite plate
(1997) J. Sound Vib., 202, pp. 95-108. 
Cremer, L., Heckl, M., Petersson, B.A.
(2005) Structure-Borne Sound: Structural Vibrations and Sound Radiation at Audio
Frequencies, 
Springer, Berlin
Hammer, P., Petersson, B.
Strip excitation, part I: Strip mobility
(1989) J. Sound Vib., 129, pp. 119-132. 
Li, Y., Lai, J.
Prediction of surface mobility of a finite plate with uniform force excitation by
structural intensity
(2000) Appl. Acoust., 60, pp. 371-383. 
Dai, J., Lai, J., Li, Y., Williamson, H.
Surface mobility over a square contact area of an infinite plate: Experimental
measurements and numerical prediction
(2000) Appl. Acoust., 60, pp. 81-93. 
Drozg, A., Rogelj, J., Čepon, G., Boltežar, M.
On the performance of direct piezoelectric rotational accelerometers in experimental
structural dynamics
(2018) Measurement, 127, pp. 292-298. 
Ljunggren, S.
Line mobilities of infinite plates
(1989) J. Acoust. Soc. Am., 86, pp. 1419-1431. 
Brennan, M., Elliott, S., Pinnington, R.
The dynamic coupling between piezoceramic actuators and a beam
(1997) J. Acoust. Soc. Am., 102, p. 1931. 
Scopus - Print Document https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&sr...
3 of 4 6/21/2021, 9:07 PM
Aoki, Y., Gardonio, P., Elliott, S.J.
(2006) Strain Transducers for Active Control-Lumped Parameter Model, 
Institute of Sound and Vibration Research, Southampton
Liao, Y., Sodano, H.A.
Modeling and comparison of bimorph power harvesters with piezoelectric elements
connected in parallel and series
(2010) J. Intell. Mater. Syst. Struct., 21, pp. 149-159. 
Lien, I., Shu, Y.
Array of piezoelectric energy harvesting by the equivalent impedance approach
(2012) Smart Mater. Struct., 21, p. 082001. 
Aridogan, U., Basdogan, I., Erturk, A.
Multiple patch–based broadband piezoelectric energy harvesting on plate-based
structures
(2014) J. Intell. Mater. Syst. Struct., 25, pp. 1664-1680. 
Correspondence Address




Language of Original Document: English





Copyright © 2021 Elsevier B.V. All rights reserved. Scopus® is a registered
trademark of Elsevier B.V.
Scopus - Print Document https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&sr...
4 of 4 6/21/2021, 9:07 PM
